The development and differentiation of the fetal adrenal cortex was studied in the rat by lipid and enzyme histochemistry. Fetal organs are considered to have close connections with their maternal environment not only in their functions but also in their development and differentiation. Endocrine organs start to show their functions in the fetal stage, and the adrenal cortex, which is necessary for life, also starts active production and secretion of steroid hormones just as early.
There is an interesting fact about the fetus-mother relationship as regards steroid synthesis in the human adrenal cortex: progesterone produced by the placenta as a precursor of steroid and maternal steroid hormones are provided to the fetus, whereas dehydroepiandrosterone produced by the fetus is in turn given to the placenta and esteriol is eventually sent on to the mother. Under these conditions the fetal adrenal cortex is to develop and differentiate so as to be functional immediately after birth.
Previous studies done on the fetal adrenal cortex were about the proliferation of cortical cells. For example, the escalator theory is one of them. The purpose of our study, on the other hand, is to observe how functional development and differentiation proceed in the fetal stage by using histochemical techniques. Lipid and enzyme histochemistry was applied in such a way as to focus upon the production and secretion of steroid hormones. We chose rat fetuses as our materials, which are conventionally used in endocrinologic studies.
MATERIALS AND METHODS
Adrenal cortices were obtained from fetuses of Wistar strain rats which were 151 to 21.1 days into pregnancy, and, when necessary, pieces of fetal liver, kidney, 2 2 testis and ovary, neonatal and adult adrenal cortices were also used for controls.
Mother rats from which the fetuses were obtained were 21 to 3 months old and 250 2 to 300 g in weight.
Fetal adrenal glands were removed immediately after sacrifice and sectioned at 16 um by the cryostat. The sections were stained with oil red 0 for lipid histochemistry and the following three enzyme histochemical examinations were carried out on them: glucose-6-phosphate dehydrogenase (G-6-PDH) for 30 min at 37°C according to the method by Rudolph and Klein (8), 3/-hydroxysteroid dehydrogenase (39-HSD) for 40 min at 37°C by Levy (6) , and secondary alcohol dehydrogenase (SAD) for 1 hr at 37°C by Hardonk (2) . An adrenal gland specimen was fixed in 10% formalin for 48 hr and was cut into 16 gm-thick frozen sections by the cryostat. Most sections were cholesterol-stained for Schultz reaction and were subjected to an enzyme histochemical examination of alkaline phosphatase (Al-ease) for 30 min at 37°C according to the method of Ogawa and Mayahara (7). On some sections, hematoxylin and eosine stain was also carried out.
RESULTS
A rat fetus of 151 days in gestation was approximately 0.4 g in weight. The 2 adrenal gland was semitranslucent and too small to remove without the aid of a stereoscopic microscope. At 161 days the fetus was about 0.6 g in weight, with a 2 slightly yellowish adrenal gland which was easy to take out without such an aid.
Microscopically in hematoxylin and cosine stain adrenal glands at 151 and 161 dyas 2 2
were thickly encapsulated and they contained cells which were evenly distributed and with clear cytoplasm. The medulla was still inconspicuous at this stage. Thereafter, however, the adrenal gland came to be composed of both cortical and medullary tissue. In the cortex, just under the capsule, a narrow zone consisting of 2 to 3 layers of small spindle-shaped cells was observed, while the inner cortex had larger cells which had somewhat large nuclei. At 171 days cortical cells in the inner zone of the adrenal gland had acquired a small 2 amount of lipid (Fig. 1) . The lipid content gradually increased as the fetal age progressed and its distribution showed a characteristic pattern. At 181 days lipid 1 2 droplets were distributed diff usely in the inner cortex, and at 202 days a subcapsular band of a few cell layers began to be conspicuous with densely distributed lipid droplets, and at this stage the innermost zone adjacent to the medulla was rich in lipid ( Fig. 2) . At 211 days, while the lipid-abundant subcapsular zone became 2 more pronounced, a lipid-free zone contiguous to it was observed, and the density of lipid droplets became gradually higher from there inward and was highest in the innermost part (Fig. 3) . In the stroma of a fetal testis and ovary only a small amount of lipid was observed at 161 days. 2
By Schultz cholesterol stain a very weak positive reaction was detected in some cortices, and at 211 days it was positive in the inner layers, especially in the innermost 2 layer, of the cortex. A cortex of the newborn was examined as a control, and a strong positive reaction was detected in the entire cortex except in the transitional zone one week after birth. Table 1 summarizes the results obtained in our enzyme histochemical examinations administered on the cortex.
A weak level of G-6-PDH activity was present in the inner zone of the adrenal cortex at 151 days of gestation (Fig. 4) . From then on until birth the enzymatic 2 activity showed a daily increase (Fig. 5 ). The enzymatic activity had always been negative in the subcapsular zone until 211 days in gestation, but a weakly positive 2 activity level was sometimes detected (Fig. 6 ). Generally speaking, 319-HSD enzymatic activity was low in the fetal cortex. At 161 days the inner zone exhibited only a weakly Positive reaction of 313-HSD and 2 its intensity subsequently showed a slight increase from day to day (Fig . 7) . It was characteristic that the outermost part of the inner zone of the cortex, just below the subcapsular zone, which seemed to form a narrow band consisting of a few cell layers , showed a more intense reaction than in the rest of the inner part (Fig . 8) .
The inception of positive reaction and its subsequent trend as regards SAD was similar to that of G-6-PDH, that is, a very weak level of positive activity of SAD was observed in the inner cortex at 171 days, and the activity intensified somewhat at 1 2 18 2 days.
The endothelium of capillaries in the adrenal cortex always showed positive activity of Al-ease in this study. Cortical cells in the subcapsular zone exhibited a weakly positive activity level from 171 days until birth. and Van Dorp (9) argues that the zone becomes permanent before the end of the first week after birth. In our study a lipid-free zone resembling the transitional zone begins to be recognizable at 201 days in gestation, and its appearance is gradual 2
and not evenly distributed within the same adrenal gland.
As for the Schultz reaction in the inner part of the cortex, the detection of weak positivity in our study takes place at 201 days, which compares with 181 days accord-2 2 ing to Josimovich et al. (3) . In their study, however, scattered cortical cells react either negatively or weakly positively between 181 2 and 201 1 days. This leads us to conclude, therefore, that the definite appearance of a positive Schultz reaction is at the end of the fetal stage, i.e., at or around 201 days in gestation. It is speculated 2 as follows : although the fetus is provided with steroid hormones and progesterone by the mother and the placenta respectively throughout its prenatal life, an accumulation of cholesterol begins towards the end of its gestation in preparation for active production of steroid hormones immediately after birth.
Technically speaking, each result obtained in our histochemical examination, be it lipid or enzyme, should be expressed either as positive (+) or negative (-) only without quantification. However, as the intensity level of reaction does vary, and in order to understand the relationship between histochemical reaction trends, we have plotted graphs based on the results we have obtained (Fig. 9 ).
G-6-PDH is taken to be the enzyme which participates in the synthesis of steroid hormones via production of NADPH. 3f1-HSD is the enzyme which converts pregnenolone into progesterone. SAD is said to participate in oxidation cleavage of side chains of cholesterol, which is also a precursor of steroid hormones, and AlPase existing on cytoplasmic membranes is related to secretion of steroid hormones.
FIG. 9.
Relationship between histochemical reactions.
It stands to reason, therefore, that activity of G-6-PDH appears as early as 151 days 2 in gestation and is followed by that of 39-HSD; the former is necessary for energy metabolism of any cell but non-specific to the synthesis of steroid hormones , whereas the latter is a principal and specific enzyme for it. Generally speaking, enzymatic intensity in the fetus is weak in comparison with that in infant or adult rats.
G-6-PDH and SAD reaction was negative in the subcapsular zone but strongly positive in the inner zone of the fetal cortex. These reactions correspond, respectively, to the negative in zona glomerulosa and the strongly positive in zona fasciculata and zona reticularis in infant and adult rats. It follows therefore that enzyme histochemical examination reveals zonal differentiation at an earlier stage than in the case of lipid histochemistry, in which zonal differentiation becomes indicative only in the last fetal stage.
Cohen (1) and Jost (4) suggest participation of ACTH in the adrenal cortex at 171 days in gestation, and this corresponds well to the histochemical differentiation 2 of zona fasciculo-reticularis at the same stage in our study. It has also become clear that the cortex of the fetal rat has considerable amounts of lipid and exhibits considerable enzymatic activity as well, although its intensity is weaker than that in infant and adult rats. In addition, once lipid and enzymatic activities appear in the fetus, the amount and intensity levels show daily increases as zonal differentiation proceeds. The fact that the enzymatic activities in the fetal adrenal cortex precede those in such important organs as the liver and the kidney shows how important the adrenal cortex is during the fetal stage.
